methods with different advantages over each other. In our study, we aimed to present results of MR-guided vacuum-assisted biopsy and core-needle biopsy performed in our department.
Material and Methods
Patient selection and indications for biopsy 90 suspicious breast lesions that were detected with only MRI, in 90 patients at the İstanbul University Faculty of Medicine Department of Radiology between April 2011 and August 2013 were included in the study. Forty-eight patients underwent MR-guided vacuum biopsy and 42 patients underwent core-needle needle biopsy. The study was approved by the Istanbul University Faculty of Medicine Ethical Board, all patients were informed about the procedure and informed consent was obtained from each patient.
Patients who were 18 years or older, with non-palpable suspicious lesions that were only detected by MRI which were evaluated as BI-RADS 4 and 5 according to BI-RADS criteria, and who consented to vacuum biopsy were included in the study. Patients younger than 18 years of age, those who did not consent to participate in the study, those with lesions detected by ultrasonography or mammography, those with palpable lesions, and those who withdrew their consent during the study period were excluded from the study.
Statistical analysis
The percentage, mean and median values of the data were evaluated by using SPSS (16.0; SPSS, Inc.; Chicago, IL, USA) software.
MR-Guided Breast Biopsy Techniques
Magnetic resonance imaging during biopsy procedures was performed by using a 1.5-Tesla MRI scanner. The patient was placed in the prone position, breast skin was disinfected with 10% Povidone-iodine at the site of the lesion, and imaging was performed with a 7-channel breast coil that contained compression plates. The compression was applied from both sides of the breast, medial and lateral aspects, in order to reduce artifacts by preventing motion and to enable accurate calculations and stabilization of the breast during needle introduction. Since excessive compression may prevent contrast enhancement, the compression amount was carefully adjusted during stabilization. Bard Vacora (10G) or Suros Atec (12G) biopsy systems were used for vacuumassisted biopsy. Core-needle needle biopsy procedure was performed by using a 12-G fully automatic biopsy needle.
Interventional procedures began with MR sequences obtained for imaging. First, T1-weighted sagittal images were acquired to verify visibility of the reference points on the compression plates and if the lesion was accessible. Following these steps, T 1 A fast low angle shot (FLASH) 3D sequence (TR / TE, 11 / 5.16, Gap 20, FOV 330, matrix 200x256, frequency direction R> L, bandwidth 150 Hz / Px) images were acquired once before and twice after bolus injection of 0.1 mmol/L per kg of body weight MR contrast agent that was administered via an intravenous catheter. The total imaging time was about 5 minutes.
The received MR images were further evaluated by a computer-aided diagnostic system (CAD; Dynacad, Invivo, Orlando, Florida, USA). The unenhanced images were simultaneously substracted from contrast images by the workstation. After MR images were obtained following stabilization of the breast, localization of the lesion to be intervened was determined according to reference points within compression plates through the computer-aided diagnosis system. Lesion approach was planned prior to the intervention according to suitable grid spacing, lesion depth and distance from the skin values provided by the computer, based on lesion localization (medial or lateral). The MR board was removed from the gantry, the patient was re-informed about the process, instructed not to move and the procedure was initiated. Local anesthesia was employed by infiltration of 4-6 cc Prilocaine HCl (Citanest) subcutaneously to the area of interest.
In both vacuum assisted and core-needle biopsy, both the needle and MRI compatible sheath were introduced into the breast together. The cutting needle was removed and a plastic cannula that prevents bleeding out was inserted through the sheath, and control T 1 A FLASH 3D axial MR images were obtained. The sheath and plastic cannula were visualized as thin hypointense artifacts on control MR images, and their localization was confirmed. After determination of appropriate localization, the biopsy procedure was performed with a MRI compatible vacuum biopsy needle that used an ignition system with single insertion, and 6-12 consecutive samples were obtained from the lesion at different points in a clockwise manner. In core-needle biopsy, samples were obtained by 4-5 consecutive introductions with the ignition system. Samples underwent routine histopathologic examination. No major complications occurred during the procedures.
Control T 1 A FLASH 3D axial weighted MR images were obtained following biopsy to verify accuracy of the process, to assess if a second intervention is required, and to check for the presence of a hematoma (Figure 1-3 ). When the biopsy accuracy was verified, an MRI compatible marker was positioned to the biopsy site, and the procedure was terminated after obtaining control MR images for marker localization. The goal of leaving a marker was to localize the lesion for the surgeon if the pathology showed a malignant lesion, and to locate the lesion on follow-up MR images if the pathology result was benign.
Results
The study included MR-guided biopsies of 90 suspicious breast lesions that can only be detected with MR. Forty-eight patients underwent MR-guided vacuum biopsy and 42 patients underwent core-needle biopsy. The lesions were categorized as benign or malignant according to their histopathologic features on biopsy. The mean age of patients undergoing vacuum biopsy was 45.74 (26-69) years, and was 48.3 (35-56) years in those undergoing core-needle biopsy.
On MR examination, 54 of the 90 lesions were visualized as masses, 28 as non-mass contrast enhancement, and 8 as focus. The median size of the biopsied lesions was 9 mm (4 -15 mm) for those undergoing vacuum-assisted biopsy, and was 15 mm (8-22 mm) for those undergoing core-needle biopsy. The median size of all lesions was determined as 12 mm (4-22 mm). The mean procedure duration was 38 minutes (24-69 min) for vacuum assisted biopsies, and was 41 minutes (28-58 min) for core-needle biopsies.
Histopathologic evaluation revealed 10 malignant (20.8%) (invasive and in-situ ductal carcinoma) and 38 benign (79.2%) (apocrine metaplasia, fibrosis, fibroadenomatoid lesion, sclerosing adenosis, fibrocystic disease and mild-moderate-severe epithelial proliferation) lesions among vacuum assisted biopsy samples. Among core-needle biopsies; 8 lesions were malignant (in-situ ductal carcinoma, invasive ductal and lobular carcinoma) (19.4%), 6 were high-risk (atypical ductal hyperplasia, intraductal papilloma, radial scar) (14%), and 28 were benign (fibrocystic changes, sclerosing adenosis, fibroadenoma) (66.6%) lesions.
Patients diagnosed with malignant and high-risk lesions were referred to medical and/or surgical treatment, and those with benign lesions were recommended to undergo a follow-up MRI or US at 6 months and 1 year. Malignant lesions were treated with breast conserving surgery after MR-guided lesion localization. The results of excisional biopsies of high-risk lesions were compatible with core-needle biopsy results, with no additional malignant findings.
Benign lesions did not show progression and these patients are being monitored by a routine annual follow-up program. A biopsy failure was considered based on radiology-pathology discordance in 2 patients with core-needle biopsy and 1 patient with vacuum assisted biopsy. Excision was performed in these patients all of which revealed benign findings similar to their biopsy results.
All lesions were visualized on MRI sections during the biopsy procedure. Since the routine breast protocol was not used, and the procedures were performed quickly with rapid decisions based on the CAD system, issues related to contrast wash-out and thus lesion disappearance on control MR cross-sections was not encountered.
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Discussion and Conclusion
Biopsy of occult breast lesions can be performed by MR-guided lesion marking; wire-guidance, Technetium-99 m ROLL (Radio guided occult lesion localization), and by MR-guided radiologic biopsy methods. MR-guided biopsies are both less invasive and more comfortable for the patient as compared to lesion marking and surgical excisional biopsy (11) . Obtaining a diagnosis by biopsy prior to lesion marking and excision reduces the number of surgical interventions. If the biopsy result is benign and is consistent with radiologic findings then additional surgical treatment is not required. If the result is malignant then therapeutic procedures may be directly applied. The rate of detecting malignancy after surgical excision of BI-RADS 4-5 lesions varies between 15-40%, while this rate varies between 70-80% in surgical excision after detection of malignancy by radiologic sampling methods (12, 13) . Meta-analyses including many studies state that radiologic biopsy methods should be preferred to surgical biopsy, if it can be performed (14, 15) .
Vacuum assisted biopsy is less invasive and faster than surgical biopsy and does not cause deformity (16) . It has lower risk and morbidity as compared to surgical biopsy, better accuracy than fine needle aspiration biopsy (17) , and more sampled tissue than core-needle biopsy (18) . It provides bigger and multiple samples in a single entry as compared to fine-needle aspiration and core-needle biopsy. Vacuum assisted biopsy also has a higher technical success rate as compared to fine needle aspiration biopsy.
Other advantages of vacuum biopsy are allowing quick intervention to small lesions (<10 mm) and providing more material for histopathologic evaluation. Core-needle biopsy is superior to fine needle biopsy in terms of providing more material and to vacuum biopsy by being less invasive (19) . Carbognin et al. (20) stated that vacuum-assisted biopsy is an effective and reliable method for the diagnosis of MR-only lesions that are non-palpable and smaller than 1 cm. In a study evaluating the efficiency of vacuum-assisted biopsy system and core-needle biopsy in removing microcalcifications, the failure rate in sampling was reported as 16% for 14G needle as compared to the rate of 4% in 14G vacuum biopsy, and 1% in 11G vacuum biopsy. This valuable study indicated that material sufficiency in vacuum biopsy increased parallel to an increase in needle diameter. The false negativity rate in core-needle biopsy was reported as 8%, while that of vacuum biopsy was determined as 0.67% (21) .
Biggest drawback of vacuum biopsy is higher cost as compared to core-needle biopsy (16) . The complication rate is higher in vacuum biopsy than other biopsy procedures. Core-needle biopsy is a quite good alternative method to vacuum-assisted biopsy, in case it cannot be performed, with much less complications (22) . On the other hand, disadvantages of core-needle biopsy include requirement for multiple insertions for repetitive sampling, decrease in breast tissue with an increase in bloody samples in repeat specimens, and insufficiency in diagnostic sensitivity of calcified lesions, atypical ductal hyperplasia and ductal carcinoma in situ.
Perlet et al. (23) guidance of ultrasonography tends to be malignant, and are sampled under ultrasonography guidance (25) . With effective use of secondlook ultrasonography, the likelihood of ultrasound-guided sampling will increase and the number of cases with MR-guided malignant biopsy will change in favor of the more challenging MRI suspicious but histopathologically benign lesions. Nevertheless, the requirement for specific biopsy indications is evident. A biopsy failure was considered in three patients and the surgical excisions revealed benign lesions similar to the biopsy findings.
The mean duration of vacuum assisted biopsy was reported as 65 min by Malhaire et al. (26) , and as 35 min by Tozaki et al. (24) . The mean duration of vacuum assisted biopsy was determined as 38 min (24-69 min) in our study, which was in concordance with previous studies. This duration was shortened gradually with increasing patient numbers and experience. Additionally, most of the biopsy procedures were performed with a semi-automatic biopsy system in order to reduce cost, which prolonged duration of the biopsy procedure. The mean biopsy duration for core-needle biopsy was 41 min (28-58 min), and was similar to studies by Liberman et al. (27, 28) .
In this study presenting our initial experience, promising results were obtained in computer-aided magnetic resonance imaging guided coreneedle and vacuum-assisted biopsy of MR-only visible breast lesions. These methods can be used as an alternative to excisional biopsy for histological diagnosis of lesions detected by MRI, in appropriate cases. It is our opinion that with increasing expertise and accumulating data on follow-up of these patients, these methods will be used more effectively.
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